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SUMMARY
.

.

An investigationhas been conductedin the Langleystabilitytunnel
to detemine the effectof an unsweptwing on the contributionof unswept-
tail configurationsto the low-speedstatic-and roUing-stabilityderiva-
tivesof a midwingairplanemodel.

The resultsof the investigationshowthat,at anglesof attack
sllmostto the angleof maximumlift,thereare only smalldifferencesin
the tail contributionsto the static-lateral-stabilityderivativesfor
configurationswith wing on and with wing off. For this rangeof angles
of attackthe contributionsof the verticaltail can be estimatedfair3y
accuratelyby the availableprocedures;

The avsilableproceduresgenerallypredictthe wing-offvaluesof
the rollingderivativ% at low anglesof attackwith reasonableaccuracy.
Alteringtheseequationsto accountfor sidewashcausedby the unsym-
metricalwing load (dueto roll)bringsthe calculatedwing-onvaluesinto
much betteragreementwith the measuredwing-onvalues.

Some errorin the estimatedcontributionof the tsi.1to the yawing
momentcausedby roll resultsfor the low-horizontal-tailconfiguration
becauseof a forwardshiftin the centerof pressureof the vertical.
tsil caused~ the horizontaltail. .

INTRODUCTION

Recentadvancesin the understandingof the principlesof high-speed
flighthave led to significantchangesin”thedesignof componentparts
of airplanes. In many instancesconsiderationis givento coilfigurations.
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which sre beyondthe rangecoveredby”’availabledesigninformation
regardingstabilitycharacteristics.The effectsof changesin wing
designon stabilitycharacteristicshave been extensivelyinvestigated.
ti orderto provideinformationon the influenceof otherpartsof the
completeairplane,an investigationof a modelhavingvariousinter-
changeablepartsis beingconductedin the Langleystabilitytunnel.
Reference1 presentsthe resultsof an investigationon the effectof
horizontal-taillocationon the low-speedstaticlateralstability
characteristicsof a modelhaving45° sweptbackwing and tail surfaces.

As part of this generalinvestigation,the effectof an unswept
wing on the contributionof an unsweptverticaltail.to the static
lateraland roll@ stabilitycharacmristicshas been determined,and
the resultsare presentedherein. Theseresultsservethe purposeof
checkingthe validityof presentmethodsof estimatingthe contributions
of componentpartsof airplaneswhen appliedto representativecurrent
high-speedairplanedesigns.

SYMBOLS

The datapresentedhereinare in the form of standardNACA coef-
ficientsof forcesand momentswtich are referredto the stability
systemof axeswith the origincoincidingwith the wing aerodynamic
center. The positivedirectionsof the forces,moments,and angular
displacementsare shownin figure1. The coefficientsand symbolsare
definedas follows:

CL . lift coefficient (L/qSW)

Cx longitudinal-forcecoefficient (x/@w) -

% lateral-forcecoefficient (Y/qSJ

C2 rolling-momentcoefficient (L’/q~b)

cm pitching-momentcoefficient“(M/qS@

Cn yawing-momentcoefficient (N/qSWb)

L lift

x longitudinalforce (-Dragat $= 0°)

Y lateralfQrce

,

,.
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rollingmoment

pitchingmoment

yawingmoment

dynamicpressure

wing area

vertical-tailarea

wing span

aspectratio

wing chord

wingmean aerodynamicchord

verticaldistanceaboveor belowtunnelcenterline

perpendiculardistancefrom fusel?gecenter
pressureof verticaltail

tail length;distance,parallelto fuselage
wingmountingpointto centerof pressure

line to centerof

centerline,from ‘
of verticaltail

angleof

angleof
plane,

angleof

sidewash

attackof wing or fuselagecenterline

attackof verticaltailmeasuredin a horizontal
positivewhen it resultsin a positivelateralforce

yaw

angleat verticaltail;the changein angleof attack
of a sectionof verticaltail resultingfrom additionof a
wing to fuselageand vertical-tailcombinationoperatingin
rollingcondition,positivewhen it resultsin a positive
lateralforce

free-streamvelocity

rollingangularvelocity
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rate of changeof
helix angle
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rate of changeof
tip helixangle

vertical-tail
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angleof attackwith wing-tip
u

sidewashangleat verticaltail with wing-

pb

E
wing-tiphelixangle

CL= lift-curveslopeof wing

CL lift-curveslopeof verticaltail (CL of verticaltail based
%’ on vertical-tailarea) #
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%
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APPARATUSAND MODELS

!5

.

.

The testswere made in the 6-foot-diametertest sectionof the
Lsngleystabilitytunnel. This sectionis ‘equippedwith a m6tor-driven
rotorwhich@arts a twistto the air streamso that a modelmounted
rigidlyin the-tunnelis in a fieldof flow similarto that whichexists
aboutan airplanein roJ&g flight (reference2).

The modelused’forthe presentinvestigationwas designedto permit
testsof wing alone,fuselagealone,or the fuselagein combinationwith
any of severaltail configurationswith or withoutthe @g. The fuse-
lage used in the investigationwas a body of revolutionwhichhad a
circular-arcnose and a blunt-tailcone. Two horizontal-tailpositions
were tested,one locatedon the fuselagecenterline and the other
locatedat a positionapproximatelytwo-thirdsthe heightof the vertical
tail. A list of the geometriccharacteristicsof variouscomponentparts
is givenin the followingtable:, .

Fuselage:
Length,inches. . . . . . . . . . . . . . . . . . . . . ..
Finenessratio. . . . . . . . . . . . . . . . . . . . . .

wing:
Aspectratio. . . . . . . . . . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . . . . . . . . . . . .
Quarter-chordsweepangle,degrees. . . . . . . . . . . .
Incidencejdegrees”.. . . . . . . . . . . . . . . . . . .
Dihedralangle,degrees . . . . . . . . . . . . . . . . .
Twht,degrees. . . . . . . . . . . . . . . . . . . . . .
Airfoilsection.. . . . . . . . . . . . . . . . . . . . .
Area, aquareinches . . . . . . . . . . . . . . . . . . .
Span,inches . . . . . . . . . .“. . . . . . . . . .
llesnaerodynami~~h~rd,inches. . . . . . ... . . . . . .

Verticaltail:
Aspectratio. . . . . . . . . . . . . . . . . . . . . . .
Taperratio . . . . . . . . . ... . . . . . . . . . . . .
Quarter-chordsweepangle,degrees . . . . . . . . . . .
Airfoilsection . . . . ;. . . . . . . . . . . . . . .
Area, squareinches . . . . . . . . . . . . . . . . . .
Span,inches. . . . . . . . . . . . . . . . . . . . . . .
Meanaerodynamicchord,inches. . . . . . . . . . . . . .
Taillengthj inches . . . . . . . . . . . . . . . . . . ..

. . g.:

. .

. . “o

. . 0

. . 0

k6A6~A00;
. . 324
. . 36
. . 9.19

. . 2.0

. . 0.6

tiA 65A@0
. .’ 48.60
.0 9.86
. . 5.03
. . 15.38

.. ... . ..— ._. . . .—..— . ---- . -—— -- - — -—--— —--——.— - — - . . . - -- .-—-.. —._. ._._.-. . . _ .
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Horizontaltail:
Aspectratio . . . . . . . . . . .
Taperratio . . . . . . . . . . .
Qusrter-chordsweepangle,degrees
Incidence,degrees . . . . . . .
Dihedrslangle,degrees . . . . .
Twist,degree s........ . .
Airfoilsection . . . . . . . . .
Area, squsreinches . . . . . . .
Span,inches. . . . . . . . .... .
Mean aerodynamicchord,inches. .

. . . . . . . . . . . . . . 4.0

. . . . . . . . . . . . . . 0.6

. . . . . . . . . . . . ● . o

. . . . . . . . . . . . . . 0

. ...0. . . . . . . . . 0

. ...0. . . . . . . . .

. . . . . . . . . . . NACA 65AOO;
● . . . . . . . . . . . . . 64.80
. . . . . . . . ...* . . 16.10
. . . . . . . ...0. ● . 4.11

Detailsof the vcbg,fuselage,and tail surfacesand the relativeloca-,
tionsof the wing and tsilswith respectto the fuselageare givenin ●

figure2. A photographof one of the configurationsmountedin the
tunnelis givenas figure3.

The test configurationsand designationsused in identifyingthe
datain the figuresare givenin the fo~owing table:

wing . . . . . . . . . . . . . . ...*.....
Fuselage; : . . . . . . . . ... . . . . . . . . . . . .
Fuselagewith verticaltail. . . . . . . . . . . ... . .
Fuselagewithverticaltail and low horizontaltail . .
Fuselagewith verticaltail and high horizontaltail.. .
Wing with fuselage. . . . . . ... . . . . . . . . . . .
Wing with fuselagesnd verticaltail . . . . . . . . .
Wing with fuselage,verticaltail,and low
horizontaltail.... . . . . . . . . . . . . . . .

Wing with fuselage,verticaltail,and high
horizontaltail . . .. ~.. . . . . . . . . . . . .

.*. * w

. . . . F,

..*. F+V

. . F+ V+HL

. . F+ V+HH

. . W+F

. . W+F+V

W+ F+ V+HL

W+ F+ V+HH

,..

For the teststhe modelwas mountedon a singlestrutsupportat
the quarter-chordpointof the wingwhich coincidedwith the go-percent
point of the fusel-~elength(fig.‘2). Forcesand moments
by meansof a conventionalsix-componentbalancesystem.

TESTS .

were ~asured

Testswere made at a dynamicpressureof 39.8poundsper squarefoot,
which correspondsto a Mach numberof about0.166and a Reynoldsnumber

of 8.8 x 105 basedon the msan aerodynamicchordof the wing.

The modelwas testedthroughan angle-of-attack’rsngefrom about-h”
up to and beyondthe angleof ~lift at anglesof yaw of Oo and~~o

—-. .— ______ _.. ___—.__— .—— — ——.---—.—
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.> in straightflow and at an angleof yaw of 0° in rollingflow. For the
straight-flowtestsat 0° angleof yaw, lift,drag,and pitchingmoments
are presented. Data obtsinedin straightflow at *SO yaw and in rolling
flow at severalvaluesof pb/2V were used to obtainderivativesof
lateralforce,yawingmoment,and rollingmomentwith respectto yaw
angleand wing-tiphe15xangle. The test valuesof pb/2Vwere +0.0206,
*0.@ll, and*O.0616. Also for thesevaluesof pb/2V sidewashangles
in the planeof symmetg behindthe isolatedwing were determinedby
means of a yaw tube. The sidewashmeasurementswere made at O, 3, 6,
and 9 inchesverticallyaboveand belowthe tunnelcenterline. The
measurementswere made at two longitudinalpositions;one was 1.28 feet

(Zv = 0..!I27)behindthe wing-mountingpoint (correspondingto the longi-
T
tudinalpositionof the centerof pressureof the verticaltail at zero
angleof attackof the model)and the otherwas at abouttwicethat

(Zv )distanceor 2.56feet ~= 0.854 . For the positionl.28feet behind

.

the wing-mountingpoin},”measurem&tswere made at 0°, 4°, 8°, and 12°
angleof attackof the wing,whereasfor the otherlongitudinalposition,
measurementswere only~de”at an angleof attackof the wing of OO.

CORRECTIONS

The angleof attack,longitudinal-forcecoefficient,pitching-moment
coefficient,and rol~-moment coefficienthave
effectsof the jet boundaries. The data are not
turbulence,or support-strutinterference.

RESULTSAND DISCUSSION

Presentationof Results

been correctedfor the
correctedfor blocking,

The resultsof the presentinvestigationare presentedin figures”h
to 16. The staticlongitudinaland lateralstabili~ characteristicsand
the rollingstabilitycharacteristicsof the basicconfigurationsare
presentedin figures4 to 8. Figures9 to 16 are used to facilitatethe
@sis of the ~ta and includesidewashmeaswementsmentionedunder
tests. The analysishas been treatedas follows.

First,someof the characteristicsof the completeairplaneconfigu-
rationsare given. (It shouldbe pointedout that only a briefanalysis
of the completeconfigurationis presentedand no detailedansllysisof
the longitudinalstabilitycharacteristicsis givenfor any configuration.)

.

.- —- .—---- —— .—..- -- .. ..— --.———- ._.—— —----- ..— — .. ---- -_ -—_- .— --- .—-. —
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Second,the characteristicsof the componentpartsof the
discussed,with most emphasisbeingPlacedon the --on

ai&3ne are w

and ~-off
contributionof the taii groupto ~h~ static-and roliing-stabili~y
derivatives.

All tsil increments-wereobttied
mannerillustrated:

Case 1, wing off:

For the horizontaltail off

ACn$= Cn
*F+v

and for the horizontaltail on

.

Case 2, wing

For the

. .
ACn =

$ cn~
F+V+H

on: .

horizontaltail off

from the measurementsin the

1

-% F

- C9F

“ACn = Cn
$ %+F+V - c%~F

and for the horizontaltail.on. k
.

CnV
lJ+F+V+H- cn~W+F

It shouldbe notedthat
butionis consideredto

when a horizontaltti is used,the tail contri-
consistof the effectof the completetail group.

CompleteConfiguration

The lift, longitudinal-force,and pitching-momentcharacteristics
of the completeconfigurationsare presentedin figureh(a). The con-
figurationwith the horizontaltail ti the low positionhas.ahigher o
msximumlift coefficientthan the configurationwith the horizontaltail
in the high position. The low tail,evidently,is stronglyaffected~
the wing downwash,sincethe pitchingmomentsare unstablefor the assumed
center-of-gravityposition. The resultsshowthat,if the centerof !

gravityof the configurationwith the lowhorizontsltailwere adjusted
to givethe samepitching-momentslopeat low anglesof attackas that
of the configurationwith high horizontaltail,the generalshapeof the

—. -—-— .__. ___ .. ---- .—. . ----
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pitching-moment
with horizontal

curvewouldbe more satisfacto~for the configuration
tail in the low position. The hypothesisthat the

effectsobtainedwith the low horizontaltail are causedby the wing
and, therefore,are obviouslywing-wakeeffectsis confirmedbg noting
from figureb(b) that the wing-offlift and pitching-momentcharacter-
isticsof both tail configurationsare aboutthe same.

The

Cnw ‘d
givenin
The high
vertical

variationof the staticlatersl-stabilityderivativesCyV,

cl
*

with sngleof attackfor the completeconfigurationsare

figure5. ti general,the resultswere aboutas were expected.
horizontaltail slightlyreducedthe effectivenessof the
tail with regardto ~V and C%. The horizontaltail.in

the low positionincreasedboth CyY and Cn$ but, at the s- t~,

reduced Cl
v

at low anglesof attack. A sim&r resultwas obtained

in reference1.

The variationsof the rolling-stabilityderivativesCyp and Cnp

for the completeconfigurationssre much as wouldbe expected(fig.6)
but the variationof CZP is less Iinesrthan usual;however, %n
is primarilya functionof the wing characteristics.

.

Some differencesin the static-lateral-and in the rolling-stability
‘derivativeshave been obtainedfor the two tail configurations,wing on
and wing off,which.willbe discussedsubsequentlyin the sectionon
tail contribution.

,

Wing Characteristics

The lift,longitudinal-force,and pitching-momentdata of the wing
alone (fig.h(a)) showno unusualcharacteristics.The experimental
lift-curveslopeis 0.0630,which compareswell.with the theoretical
valueof 0.0642givenin reference3. At low anglesof attackthe aero-
dynamiccenterof the wing is locatedat about21.8percentof the mean
aerodynamicchordas comparedwith the theoreticallocationwhichis
givenin reference3 as 25 percentof the wing mean aerodynamicchord.

The static-stabilityderivativesof the wing are plotted-against
lift coefficientin figure7 and sre comparedwith valuescslculated~
the methodsof reference4.
agreementwith the measured

The valuesof the wing
coefficientin figure8 and

In general,the calculationsare in good
valuesexceptat high lift coefficients.

rollingderivativesare plottedagainstlift
are comp=ed with calculatedvalues. The

.-. .-. —_.._ ._. _ _____ _______ ____ .__. ___ , ... . ..- .—— —-+. ——— -——-.
,“
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valuesof CnD calculatedby the methodof referenceS agreeverywell

with the mea&red valuesat low lift coefficients.At high lift coef-
ficients,althoughthe calculationsshowthe correcttrends,the values
of Cnp are overestimated.The fact thatthe methodof referenceS

overestimatesthe valuesof C~ for low-aspect-ratiowhgs of small

sweephas been previouslynoted-inotherinvestigations.

Also in figure8 is a comparisonof the experimentalvaluesof Czp

with thosecalculatedby the methodof reference6. The valuesat zero-
lift agreequitewell-,-butthe eqerimentalvaluesshowa rapidincrease
of CZD when the lift coefficientis increased,whereasthe calculated

values-sreslmostconstantfor low and medirmilift coefficients.This“
nonlinearvariationof measured CZ

P
resultseventhoughthe lift-curve

slopeof the wing appearsto be Iinesroverthis rsngeof lift coeffi-
cient. Thisvariationmay be the resultof locslincreasesof the lift-
curveslopeof the tip sections,whichare significantin determining
the CZD of the wing,togetherwith decreasesof the lti~curve slope

of the “tidspansections,wtich are
on Cz .

P .

The derivative CyD is small

relativelyunimportantin theireffect

and increasesalmostIinesrlywith

lift coefficient(fig.?!);however,the rate of increasewith lift coef-
ficientis somewhatless than theempiricslresultfound in reference~,
Figure9 of reference5 indicatesthat Cy CL is proportionalto l/A

P/
for unsweptwings. ‘

w

FuselageCharacteristics

Althoughthe fuselagecontributessomewhatto most of the aerody-
namicforcesand moments,the most importanteffectson the aerodynamic
characteristicsof the airplanesre causedby the contributionof the
fuselageto the staticlongitudinaland directionalstability.The
fuselagecontributesan unstablemomentboth in pitchand yaw. As can
be seenfromfigureh(b),the instabilityh pitchdecreasesas the
angleof attackis increased,whereasthe instabilityin yaw, measured
at smsllanglesof yaw, remainspracticallyconstantthroughoutthe
angle-of-attackrange (fig.~(b)). The instabilityof thisfuselageis
very nearlythe sameas that of the fuselagereportedon in reference1,
with the exceptionthat the fuselageof reference1 is more unstablein

,t

pitchat high anglesof attack. (Thefuselagessre of the samelength,
are identicalsheadof the midpoint,snd differonly in the shapeof the
tsil cone. The fuselageof reference1 is symmetricalaboutits midpoint.) “

— . . _.. .—.. ----
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. The blunt-tailcone of the
fuselagestabilityat high

presentfuselageappearsto increasethe
anglesof attack.

,

InterferenceIncrements ‘

When the wing and fuselageare combinedthe effectsof mutual
interferenceon the contributionof eachto the stabilityderivatives
and the contributionof these componentsto the flow angularityat the ,
tail are alsoto be considered.The mutualinterferenceeffects,
ordinarily,are ratherdifficultto evaluateand are usuallyneglected
exceptwhen test resultsare availablefQr a modelwhich closely
resemblesthe airplaneunderconsideration.In this event,recourse

. is made to a method (analogousto previouswork, suchas reference7,
for estimatingthe staticlateral-stabilityderivativesof a complete
model)whichmakesuse of interferenceincrements.Theseincrements
are designated Al and A2 and the equationfor estimatingthe deriva-

tivefor a completeairplaneis illustratedbelowin termsof CnV,for

-le : .

Cn$=cwfF+%W+‘lchf+‘%v+H+‘Zcw
The increment Al is the changein the derivativecaused~ mutusl

interferenceof the wing and fuselage
and can be obtainedfrom test results
followingequation:

for the modelwithoutthe tail
in the mannerillustratedby the

This incrementwas determinedfor the test configurationsand is shown
in figures9 snd 10 for the static-stabilityand-rolling-stability
derivatives,respectively.The interferenceincrement Al of both the
static-and rolling-stabilityderivativesis generallysmallfor the
presenttestsexceptat anglesof attacknear the stall. For a.high-
wing or a low=wingconfigurationthis incrementwouldprobablybe some-
what lsrgereven at smallanglesof attack.

The increment A2 is directlyconcernedwith the tail contribution

and is the changein effectivenessof the tail causedby additionof the
wing to the fuselage- tail-groupconfiguration.The ~terferenceeffects
of the fuselageon the tail groupare not determined.The increment A2.
is obtainedfrom the test data as shown,.for example,by the following
equationfor A2Cn :

* .

... ----- .. . ... .. .-. —----- .——— —— —- .— - -—.-— -------- .———-—-- .. -—.. --- —-— -— .—— —-



.

12

,

NACA TN 2175

“%= (%.+,+,+,- %fW+.)- (c%,+.+.- C“If,)
This incrementis combinedwith the estimated ACn

%+H
to givethe

totalestimatedtail contribution.It shouldbe remembered,however,
that the increment A2 can be used to determinetail contributionsfor

an airplaneonlywhen it is obtsinedfrom testsof a modelwhictlclosely
resemblesthe airplaneunderconsideration.The incremetitsA2 of the

\ staticlateral-stabilityand rolling-stabilityderivativesof the test
configurationsare shownin figures11 and 12, respectively.These
figuresshowthat the valuesof the ticrement A.2 of the staticlateral-

stabilityderivativesare very nearlyzerofor low and moderateangles
of attack,whereasthe ticrementsof the rolling-stabilityderivatives
are relativelylargeeven at smsllanglesof attack. Sincethe incre-
ment A2 dependslargelyon the resultantof the sidewashcaused~

unsymmetricalspanloadingand the sidewashcausedby vorticesarising
as ‘aresultof wing-fuselageinterference,the magnitudeof ‘2 is an

indicationof the extentto whichthe derivativesare sffectedby the
sidewash. Therefore,iticanbe concludedthat,for the configurations
considered,sidewashfrom the unsymmetricalwing loadingdue to sideslip
and from the vorticesarisingfrom the wing-fuselageinterferenceis of
littleimportanceexceptat high anglesof attack. Large sidewash
effects,however,are indicatedon the ro12ingderivatives ~p and C% ‘“

even at low anglesof attack. Theseresultsindicated,therefore,that
the equationscurrentlyused to cslculatethe variousstabilityderiva- .

tivescouldbe usedfor calculatingthe static-stabilityderivativesfor
configurationswithwing on and with wing off withoutintroducingan
appreciableerror,at leastat smallanglesof attack,by neglecting
sidewasheffectsfrom these sources. Some correctionto the-equations
for computingthe rol.g derivativesappearsnecesssry,however,to
reducethe errorthat wouldbe incurred~ neglectingsidewashfrom the
sourcesmentioned;therefore,the sidewashanglesat the positionof the
verticaltailweremeasuredin orderto determinean approximatecorrec-
tion to the c~rently availableequations.Furthermore,sinceit is
expectedthat the wing-fuselageinterferenceeffectsof the midwingcon- ~
figurationare smsll (asindicatedin reference8 for 0° angleof attack),
the resultantsidewash(fromthe sourcespreviouslymentioned)canbe
attributedmsinlyto the unsymmetricalspanloadingon the wing during
roll. Consequently,the incrementof sidewashangle
alone,that is, by the unsymmetricalspanloadingof
roll,was determinedfor severslanglesof attackat

of 0.427and for an &gle of attackof 0° at a value

approximately0.854.

causedby wing
the wing during

/
a valueof 2V b

of ZVlbof

.

,,

.—— - ._. ._.—.... .. . --- ———. . . . . —. .——— — ..-.— -.—- .- —



NACA TN 21.75 13

The resultsof the measurementsare shownin figure13. The fact
that the distributionsbelowthe centerltie of the tunnelare somewhat
distortedbecauseof the presenceof the strutshouldbe noted. The
distributionsabovethe tunnelcenterline (positiveh~) shouldbe

Lv
more reliable. For the measurementsat ~ = 0.427 there appe=s to

be orilya smallchangein the sidewashdistributionup to 12° angleof
attack. The slightchangeof distributionat 12° angleof attackis to
be expectedsince12° is abovethe linearrangeof the lift curve,and
somepart of the wing my be stalled. Sincethe changesin distribution
are small,the effectivesidewashat the tail probablydoesnot vary to
a greatetientwith angleof attackin this rangeeventhoughthe
positionof the tail relativeto these sidewashdistributionschanges
with angleof attackof the model. Figure13 showslittledifference
in the sidewashangleas the distancefrom the modelmountingpointis

~=0427 tozvincreasedfrom
b“

— = 0.855.
b

Tail Contributions

On the basis of the foregoingdiscussion,the currentlyavailable
equationsfor computingstaticlateral-stabilityderivati~s,in terms
of the estimatedlift-curveslopeof the tail.can be usedfor calcu-
latingboth t~lewing-on
mtely equalaccuracy.

A~Y =

*CW =

ACIW =

and wi&off tail con~ributionswith approxi-
Theseequationsare

%

c=% %

%

- ‘av~b (
— Zvcosa+zsina )

Sv

(-c=av@‘Vsfia-zcosa)
For the rollingderivatives,however,a correctionto the previously

used equations(asgivenin reference9) is indicatedto accountfor the
sidewashcausedby the unsymmetricalspsnloadingon the wing during
rolling. For rolling,therefore,the angleof attackin degreesat the
vertical-tailcenterof pressure-canbe

av

[

=-57.% :(2 cos a -z

-..... .......--.............__ — .—.. -—..

expressedas

)Zvsina -~
*
2V

—-—— . . . .. -.— ——._.. -
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wherethe appropriatevaluesof

sidewashparameteroverthe span
equationfor aVz leadsto

$$’*Otidbetheamneeffectim
of the-verticaltail. Use of the

[. 1‘v2~co~a-z~sfia)-*ACyp =‘57.3cL% ~ b( - ~
+,

.,

.

ACn %1 ‘ ‘-
{ 1[

=57c3~%%~@sfia+zvcosa) ~~cosa-zvsina)-~
P g

2v_

Theseequationsapplyonlyto the verticaltail. An additionalcontri-
butionto Czs is due to the dampingin roll.of the horizontaltail.

This contribu~ion,hqwever,is smalland shouldbe appro~tely inde-
pendentof angleof attack.

Althoughthe exacteffectivevalueof the sidmash parameteris
not easilydetermined,an appro~te vsluecan be obtainedfrom the
sidewashplots. As was mentionedbefore,the angle-of-attackeffecton “
the sidewashparameterthrough12° angleof attackis not very lsrgeand,
sinceknowledgeof the tsil contributionsis probablymost importantfor

aathis range,an averagevslueof ~
.

of 0.25was obtainedfrom the plots
g

and is consideredto be a fairlygood approximation
of-attackrangeof the arrangementtested. For the

is of courseassumedto be zero.
~

2V

for the entireangle-
wing-offcondition

~ orderto showthe experimentaltail contributionsand the
accuracywith whichthey can be predictedby calcdations,figuresU
hnd 15 were prepared. In ~igureu are presentedthe testvaluesof the

.

.- .. .-. ,
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incrementsof ~ , CnV, and CZY
w

contributedbg the verticaltail

with and withoutthe horizontaltail and withwing on and off. In
figure15 are presentedthe incrementsof rolling-stabilityderivatives
contributedby the tail for the threetail configurationswith wing on
snd wing off, togetherwith thosecalculatedby the previouslylisted
equations. Thesefiguresalso showthe valuesof the derivativescal-
culatedby the equationsbased on estimatedvaluesof cLaV●

The value

of CL used for each tail configurationwas obtainedfrom reference3
?

afterthe effectiveaspectratiofor the particularconfigurationwas ‘
estimatedby the methodsof”reference10. No aspect-ratiocorrection
was made for the case of no horizontaltail;however,the largedis-
crepancybetweenthe measuredand calculatedvaluesof the incrementsof
Cy
*

and Cn indicatesthat a largeend-plateeffectis contributed~
*.=

the blunttail cone. The fact that the valuescalculatedfor the con-
figurationwith”thelow horizontaltail on (fig.lb(b)) wouldbe in
good agreementalmostup to the angleof msximumlift with the test
resultsfor the othertail configurations(figs.lb(a)and ~(c)) indi-
catesthat the end-plateeffectof the fuselageis roughlyequivalentto
that of the horizontaltail in the low position. Somequantitativeinfor-

. mationon this effectis givenin reference11.

As was expectedon the basisof,the smsllv~ues of the increment A2

of the static-stabilityderivatives(fig.j-l),thereare only smalldif-
ferencesin the tail.contributionsfor the wing-onand wing-offtail
configurationsalmostto the angleof maximmlift (fig.l.h).At higher
anglesof attackthe discrepancybetweenwing-onand wing-offresults -
was greaterand largersidewasheffectswerethus indicated.

From figure15 it can be seenthat the calculationspredictthe
wing-offvaluesof the rolling-stabilityderivativesat low anglesof
attackwith reasonableaccuracyexceptperhaps ACnD for the casewith

the horizontaltail in the low position. A valueof ACnD of 0.036,
.

whichwas calculatedfor 0° angleof attackby usingthe ~asured value
of ACyp,indicatesthat there is a forwardshiftof the centerof

pressureof the verticaltail causedbY the horizontaltail. “Thisforward
shiftaccountsfor sn appreciablepart of the differencebetweenthe
calculatedand measuredvalues.

The largediscrepancybetweenthe calculatedand.measuredwing-off
valuesof the rollingderivativesACyD ~d ACnD at the high anglesof

attackprobablyis causedby sidewashis a result-ofthe developmentof
lateralforceson the fuselageduringroll. Thisresultindicatesthat
eithermeasurementsof the sidewashcausedk!ythe fuselageor a meansof
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estimatingthis sidewashis necessaryif betteraccuracyin predicting
ACyP and ACnp is expectedat highersinglesof attack. Part of this

dis&epancy at-higheranglesof attackprobabl.ycanbe attributedto the
factthat the equationsfor the rol~m~ derivativesare based on the
assumptionthat,duringroll,the entiretail is operatingat the angle
of attackwhich occursat the centerof pressure.of the tail. For the
actualcase.however.the angleof attackat axw sectionof the tail
dependson ~he
model.

According
calculatedfor
to predictthe

dist=ce of that sectionfrom the axis of rotationof the

to the methodsused up to the presenttime,the curves ,
the wing-offvaluesof the derivativeswouldalsobe used
wing-onvalues. This procedurewouldlead to an appreci-

able errorespeciallywhen estimatesare made of the tail contribution
to ~p and Cnp at smalland medium&nglesof attack. The accuracy

of predictingthe tail contributionto Cl wo~d not be affectedto a
P

greatextent. The contributionof the tail configurationtestedto the
dsmpingin roll is smallbecauseof the shortdistancefrom the vertical-
tail centerof pressureto the axis of roll,and this contributionis
little-affectedby load changescausedbg the wing. Figure15 indicates
that a muchmore accurateestimateof the wing-onvaluesof A% and

P

‘cl?
is obtained~ usingthe equationswhichapproximatelyaccountfor

the wing sidewasheffectthan is obtained~ the methodsused in the past
(wingoff),whichneglectsidewash. GenersIlly,the wing-onvaluesare
predictedwith good accuracyfor anglesof attacknear zeroand, as was
mentioned,if the sidewasheffectscausedby the fuselage(wingoff)
couldbe accountedfor, a more accurateestimatecouldprobablybe
obtainedat the higheranglesof attack.

The equations,in whichmeasuredvaluesof A~q ratherthan

s~
cLa ~ sre used for estimatingthe tail contributionsto the rolling

derivatives,were also rewrittento includethe sidewashpsrsnieterand
are

ACy = -57 .3ACYV
P

,,

.

“

.

1

2
(-zcosa -

b
1,

lvsina)-~
+

.

— .— .—.-..- .— . . . -—. — - —.--
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.

.

[ 1[ 1AC% = ~7.3A~v *(z sin a + TV cos a) ~(z cos a - Zv sin a) - ~

2V

ACZ
[ 1[

= -~7.3Acyv +(z cos a - Zv sin a) %(z cos a - Zv sin a) - ~
P @

2v_

Theseequationssre particularlyusefulfor estimatingthe tail
contributionsfor any tail configurationfor whichan accurateestimate “
of the lift-curveslopecannotbe made and measuredvsluesof ACy

+
for an appropriatemodelare available. In figure16 are comparedthe
valuesof the rollingderivativescalculatedby tQe use of theseequa-
tionswith the measuredresults. Generally,the calculatedresults
(wingon and wiug off) are of aboutthe ssmeaccuracyas thosecalculated
by the use of the equationsbased on estimatedlift-curveslope.

The resultsdiscussedare for a midwingconfigurationsnd the con-
clusions,especiallythoserelatingto wing-fuselageinterferenceeffects,
mightbe considerablyslteredfor a high-wingor low-wingconfiguration.

CONCLUSIONS

.

The resultsof an investigationto determinethe effectof an unswept
wing on the contributionof unswept-tailconfigurationsto the low-speed
static-and rolling-stabilityderivativesof a mbiwingmodelindicatethe
$ollowingconclusions:

1. At anglesof attackalmostto the angleof maximumlift,there
are only smallMferences in the tail contributionsto the staticlatersl-
stabilityderivativeswithwing on or wing off. For this rangeof angles
of attackthe contributionof the tail can be estimatedfairlyaccurately
~ the availableprocedures.

2. The availableproceduresgenersllypredictthe wing-offvalues
of the rollingderivativesat low anglesof attackwith reasonable
accuracy. Alteringtheseequationsto accountfor side~ashcausedby
the unsymmetricalwing loading(dueto roll)bringsthe calculatedwing-
on valuesintomuch betteragreementwith the measuredwing-onvalues.

3. Someerrorin the estimatedcontributionof the t& to the
yawingmomentcausedby roll resultsfor the low-horizontal-tail

.. —..------ ----- —— -.—-.--- .— - .—.--...--—---- -- -.——-. — ---—- -...— —



,

18 “ NACA TN 217S
1!

.

configurationbecauseof a forwardshiftin the centerof pressureof
the verticaltail caused~ the horizontaltail.

4. The contributionof the tail configurationtestedto the damping
in roll is smallbecauseof the shortdistancefrom the vertical-tail
centerof pressureto the sxis of roll, and this contributionis little-
affected~ load changescausedby the wing.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

Langley& ForceBase,Vs., June16, 1950
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(a)Wing on.

FQure 4.-Aerodynamiccharacteristicsof the basic configurations.
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